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PROGRAM MANAGEMENT 

STATUS SUMMARY 

Mock-up 2 (command module cabin in t e r io r  a r rangement )  was 
delivered fo r  NASA checkout. 
required for  the Apollo program. 

This is the las t  of the major  mock-ups 

The boilerplate 12 s t ruc tu re  was accepted by NASA and is presently 
in the final installation a rea .  

The launch escape motor  for boilerplate 6 was shipped to  WSMR during 
the repor t  period, and the spare  launch motor  i s  now ready f o r  shipment. 

The launch escape  tower for  boilerplate 6 was delivered to  Apollo 
Tes t  and Operations. 
the cu r ren t  program,  

This  is the third launch escape tower del ivered under 

All boilerplate 6 GSE is scheduled to be completed during the next 
repor t  period. 

0 

Two drogue chute and 2 three-chute r ingsai l  c lu s t e r  t e s t s  were  
successfully per formed during the report  period. 

CONTRACTS 

F i r m  Cost Proposa ls  Submitted to  NASA 

A budgetary and planning est imate  for  additional equipment required 
to  per form weight and balance tasks a t  WSMR and AMR was submitted to 
NASA. 

Contract Am endm ent s 

Supplement D to Amendment 3 ,  Contract NAS7-90 was completed 
and re turned  to  NASA during the report  period. 
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The repair ,  overhaul,  and modification plan and i t s  contractual  
philosophy were submitted to  NASA during the repor t  period. 

ASSOCIATE CONTRACTOR RELATIONS 

Proposed in te r face  coordination and control procedures  were  submitted 
t o  Grumman and Convair for  approval. 

The interface control document for  the spacecraf t /Li t t le  Joe II 
interface was submitted t o  Convair fo r  approval. 

SUBCONTRACT STATUS 

The negotiation bases  f o r  ten of the major  subcontractors  have been 
presented to NASA f o r  review. 
two additional contractors.  

Negotiations a r e  current ly  in p rocess  with 
The ta rge t  dates for  the balance of the negoti- 

ations a r e  a s  follows: 

Subcontractor Targe t  Date 

Aerojet  

AiResearch 

Collins 

Ma rqua rdt 

Minneapolis -Honeywell 

Northrop- Ventura 

P r a t t  & Whitney 

Douglas 

NEW PROCUREMENTS 

June 1963 

May 1963 

May 1963 

May 1963 

May 1963 

May 1963 

May 1963 

May 1963 

During the report  period, Emer t ron ,  Incorporated was selected a s  
the contractor  for the operationai beacon antennas. 
have been initiated and the contract  award is planned ea r ly  in the next 
repor t  period. 

Contract  negotiations 

On 10 A p r i l  1963, NASA-MSC awarded the subcontract  for  the Apollo 
miss ion  simulator t o  the General  Prec is ion  Corporation, Link Division. 
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CON- 

Following is a list of i tems to be ordered,  together with their  
anticipated o r d e r  dates: 

I tems Target  Date 

Radome 

2 kmc antenna 

In-flight tes t  system 

Propellant quantity indication system 

Propellant gauging sys tem 

TV camera  

- 3 -  

May 1963 

May 1963 

May 1963 

May 1963 

May 1963 

May 1963 
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DEVELOPMENT 

TECHNOLOGY 

Flight Performance and Control 

Initial deployment conditions of the drogue and main parachutes we r e  
studied. 
module, apex cover ,  and the drogue chute would be attained. The resul ts  
a l so  indicated that the initial low-altitude abort  conditions a t  main chute 
deployment would consist  of a rotational rate of 150 degrees  per  second and 
an  80-degree attitude deviation from the heat shield forward t r i m  point. 

Results indicated that an  adequate separation between the command 

Due to the thermodynamic base heating problem, separation studies 
were  conducted to determine the clearance and the effects when the service 
propulsion system (SPS) nozzle was moved 10.65 inches aft. The resu l t s  
f rom these studies indicate no clearance problem between the SPS nozzle 
and the booster.  The relocation will require  an additional 10-inch sepa-  
ration between the spacecraft  and booster before igniting the SPS. This 
additional separation will,  in tu rn ,  increase the probability of losing the 
iner t ia l  measurement  unit attitude reference during cer ta in  module abor t s .  
Studies a r e  being made to determine the effects and correct ive measu res  to 
be taken i f  the iner t ia l  measurement attitude reference is los t .  

Investigations were made on the effects of adverse winds on launch 
The resul ts  a r e  a s  follows: complexes and pad abort  capability at  AMR. 

1. 

2. 

3 .  

Winds f rom a n  easter ly  direction will drift  the command module 
toward the launch pad. For  winds during the worst  season and 
possible launch escape system (LES)  t ra jector ies ,  there  is a 
IO percent probability of the command module drifting within 
2000 feet of the pad. 
of the pad is only 3 percent. 

The probability of drifting within 1000 feet  

Ideal conditions under which a launch may attain a 90  percent 
probability of landing fa r ther  than 1500 feet f rom the booster a r e  
possible only 14 percent of the t ime.  

The probability of the command module colliding with the liquid 
hydrogen tank on the eas t  side of Pad  A, launch complex 3 7 ,  is 
one in 50,000. 

- 5 -  - 
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A continuing study of stabilization and control sys tem (SCS) 
requirements  included simulation of thrust  vector control (TVC) capability 
for  abort  operations during t ranslunar  injection. The study was completed 
and the resul ts  show the following requirements  o r  constraints  to be 
applicable to the SCS: 

1. 

2.  

3. 

4. 

5. 

6. 

The SCS should have a vehicle command ra te  l imit  of 0.17 radians 
pe r  second. 

Greater  command ra t e s  will require  decreased gains to maintain 
stability. Decreasing the gains, however, will prevent recovery 
f rom an  initial attitude e r r o r  of 60 degrees  within 1 0  seconds as 
re qui r e d o  

Satisfactory abort  operation was achieved with a command rate 
limit of 0.17 radians per  second, when using attitude gains of 
1 and 5.5 and ra te  gains of 0.5 and 3.8 respectively for  light and 
heavy vehicles . 

An abort  operation does not require an actuator with a higher 
bandwidth than that required for normal  operations.  
clutch loop bandwidth of 20 radians pe r  second i s  satisfactory,  

A f i r s t -o rde r  

TVC is  capable of effecting a recovery f rom a combination of 
initial vehicle attitude e r r o r s  up to 0.9 radians and ra tes  up 
to 0.3 radians per  second. 

A spring ra te  of the serv ice  propulsion gimbal actuators  and engine 
mount of 10 
value previously used, yields sat isfactory abort  performance. 

5 pounds per foot, a factor of 10 lower than the nominal 

The optimum propellant tank s ize  for the lunar  excursion module 
The study shows that with a manned lunar  excursion has  been studied. 

module plus a 1000-pound payload the tank should provide f o r  a maximum 
propellant loading equal to 1 2  percent AV margin.  
excursion module gross  weight (i. e . ,  manned; propellant tanks full plus a 
10'00-pound payload) would be 28, 500 pounds. 
module g ross  weight would decrease  to 23, 000 pounds with no payload and 
propellant for  a 1 0  percent AV margin.  

The maximum lunar 

The minimum lunar excursion 

Thermal  and Fluid Dynamics 

The best  way to dispose of excess  propellant in the command module 
reaction control system (RCS) for  landing a f t e r  a n  altitude abor t  or  a f te r  
reentry is to burn off the propellant. This burn-off will requi re  217 seconds 
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and can be accomplished a f t e r  parachute deployment. F o r  pad abor t ,  
0 

propellant can be disposed of by dumping the fuel through the engine and by 
dumping the oxidizer through a separate line provided for  this purpose. 

Several  nozzle configurations for the command module RCS engine 
were  compared. 
th ree  bell nozzles and three throat inser ts  designed for  1000:1, 40:1, and 
1O:l expansion nozzles. A " b e s t  fit," an 80 percent bell nozzle contour, 
was analyzed with each throat inser t  design. This comparison revealed the 
1O:l insert-nozzle combination a s  optimum. Per formance  of a 1O:l nozzle 
with a 40:l throat inser t  combination compares  favorably with the optimum 
10: 1 insert-nozzle combination. 

These configurations were comprised of combinations of 

Convective heating ra tes  and aerodynamic shear  s t r e s s e s  during three 
boost and reentry t ra jec tor ies  were computed for  52 points on the surface 
of the command module. This computation, the second i terat ion of boost 
and reentry heating es t imates ,  presents  a broader  tempera ture  profile of 
the command module surface than the initial computation. 
i s  based on more  comprehensive wind tunnel tes t  data, 
i terat ion reveal  no dras t ic  changes in the original temperature  es t imates .  

The computation 
The resul ts  of this 

A paramet r ic  analysis of thermal  effects was made on the radiation 
interchange between the SPS nozzle and the heat shield located on the aft  
bulkheads. 
of 1710 F and a maximum engine nozzle temperature  of 2560 F. Since the 
la t te r  temperature  exceeds the nozzle extension limit of 2400 F, an investi-  
gation i s  necessary to find an  optimum engine position. Heat shield 
configurations for various engine positions will a l so  be investigated. Initial 
analysis  of longitudinal temperature  distributions on the heat shield for  an 
84-hour t ranslunar  coast  mission,  cold-case,  indicates tempera tures  a s  
low a s  -233 F. 
t empe r a tu r  e p rofil e. 

The resul ts  indicate a maximum heat shield tempera ture  

Fur ther  analysis i s  being made to obtain a complete 

The Apollo m a s t e r  radiation shielding computer program,  which has  

This program will be used to  calculate p r imary  proton radiation effects 
been under development for  the past  s ix  months, was completed and checked 
Q U ~ .  

upon the Apollo spacecraft  s t ructure  and i ts  occupants. 

Analysis is in  process  of the flow field around the lunar  excursion 
module and command module. Est imates  have been made  of the base  
p r e s s u r e  on the command module as a function of i t s  separation distance 
f r o m  the service module. An analysis i s  being made of the jet  effects on 
the lunar  excursion module when the LES motor i s  burning. 
of lunar  excursion module wind tunnel jet  effects t e s t s  indicates that (1)  the 

D a t a  analysis 

- 7 -  - 
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axial force increases  significantly with je ts  on, ( 2 )  the normal  force 
decreases  due to a general  decrease  in local angle of attack of the flow 
over  the command module, ( 3 )  the je t s  destabilize the LES, and (4) the 
aspirating action of the je ts  causes  a significant difference between actual 
and theoretical  resul ts .  

Heat t ransfer  t e s t s  of various Apollo module combinations were  com- 
pleted in the AEDC-VKF Tunnel C. 
effect of the s t rakes  on the command and launch configuration heat t r ans fe r  
distributions were obtained a t  Mach number 10. These data will be used t o  
define and establish basic  design c r i t e r i a  for the s t rakes .  

Heating r a t e s  on the s t rakes  and the 

Life Systems 

A universal  hand tool i s  being developed for  maintenance and adjustment 
of equipment in the command module. 
ratcheting, cranking, and pulling. Design c r i t e r i a  for  the tool include a 
fold-down crank on one end and a 0.5-inch dr ive ratchet mechanism on the 
other end. 

The tool will b e  capable of torquing, 

The tool would have the following possible applications: 

1. 

2. 

3 .  

4. 

5. 

Manual actuation of non-time cr i t ical  environmental control 
system (ECS) components 

Manual actuation of a s t r o -  sextant doors  

Removal and replacement of lower equipment bay components 
and electrical  connectors 

Removal and replacement of main display panel components 
and electr ical  connectors 

Control for navigation and guidance. 

One wick-type water  separa tor  (complete with associated water  
delivery pumps) of the same configuration as that used in the  Apollo water  
management 'system will be  delivered to NASA during the next repor t  period 
for further development and testing. 

Revision of the flight c rew performance specification has  been started.. 

- 8 -  
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Simulation and Tra ine r s  

The modified engineering simulation program is oriented to  reentry,  
boost, abort ,  and space operation flight. 
engineering evaluators to  engineering s imula tors  will occur when prototype 
spacecraft  sys t ems  a r e  evaluated in a computer closed-loop dynamic 
environment. Documentation that defines the objectives, requirements ,  and 
simulation pr.ocedures for  the major elements of the program has been 
established. 

A transit ion f rom the use  of 

Structural  Dynamic s 

The digital computer program for  analyzing the tumbling-type of 
ear th  landing has  been checked out and initial calculations have been made. 
Comparison of these calculations withboilerplate 1 drop t e s t  resu l t s  
indicates that  good correlat ion i s  being obtained. 
of s t roke calculated for  the couch strut  system in a par t icular  landing was 
within 10 percent of that measured in an actual drop tes t .  

Fo r  example, the amount 

Using full-scale models for  the development tes t s  to determine the 
ear th  landing impact pa rame te r s  of the spacecraf t  is expected to be t ime 
consuming and expensive. Therefore,  a n  ear th  impact t e s t  p rogram using 
one-quarter  scale models of the Apollo spacecraf t  will be  started.  A total 
of 24 models will be constructed to  simulate the expected s t ructural  defor- 
mation charac te r i s t ics  of the Apollo spacecraft .  
propert ies  will a l so  be modeled. The data obtained f rom this tes t  program 
will be extrapolated to full scale for  the spacecraft .  

m 
The ground deformation 

A stability envelope for water landings was determined using a 
0.10-scale model. Stability in this instance was defined as  the vehicle 
floating upright a f te r  coming to r e s t  a s  opposed to floating on i t s  side. 
Current  static flotation stability calculations indicate that for  present  center  
of gravity locations,  the command module will have two flotation att i tudes - 
one upright (10 degrees  to 25 degrees) and the other overturned (120 degrees  
to 145 degrees) .  
these calculations. 

Both model and boilerplate t e s t s  a r e  in agreement  with 

To date there  is no t e s t  program to determine modal and vibration 
response tes t s  of the complete spacecraft. 
for  the second house vehicle, spacecraft  006. This program includes 
acoustic t e s t s  of the complete spacecraft  and environmental vibration t e s t s  
during selected sys tems operation. 

A t e s t  p rogram has been prepared 

- 9  - 
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Svs tem s Inte gr ati on 

'r . 
/ 

Several command module/lunar excursion module docking concepts 
a r e  presently being evaluated. 
drogue, manual probe and drogue and docking ring, t rapeze,  stub tower, 
and expanding ring. 
design, s t r e s s ,  loads and weights, dynamics analysis ,  aerodynamic and 
thermal  effects, reliability, and simulation. 
recommendation by S&ID of a prefer red  docking system. 

These concepts include automatic probe and 

This evaluation encompasses a r e a s  of human fac tors ,  

The evaluation will lead to a 

The basic effort on the lunar  excursion module adapter  trade-off study 
has  been directed toward investigation of lunar  excursion module mounting 
provisions within the adapter.  
Grumman disclosed that the lunar excursion module launching gear  may 
consist  of a n  outrigger-type construction. Using available data ,  the study 
has  been extended to analyze the outrigger versus  the S&ID tension sheet-  
type support mounting s t ruc ture .  
mounting c r i te r ia  were presented at a recent NASA panel meeting. These 
c r i t e r i a ,  a s  amended by the panel, were  accepted a s  preliminary,  pending 
a firm lunar  excursion module configuration. Detail adapter  design i s  
contingent upon finalization of the lunar  excursion module envelope and 
landing gear  configuration by Grumman. 

An exploratory meeting between S &ID and 

Adapter and lunar  excursion module 

An investigation of potential missions for  spacecraf t  009 indicates that 
it could bes t  be used for an  unmanned orbital  mission. 
objectives of such a mission would be to demonstrate the thermost ruc tura l  
integrity of the heat shield and the space operation of the SPS. This infor- 
mation i s  required to  a s s u r e  c rew safety for  the subsequent spacecraf t  011 
manned orbital  flight. 
to  automate certain crew functions which would, in tu rn ,  requi re  the selection 
o r  design of a n  on-board p rogrammer  and an  updata link for  initiation of 
these functions. 

The p r imary  

To accomplish an  unmanned flight, i t  i's necessary  

SPACECRAFT AND TEST VEHICLES 

Structures  

Thermal  s t ruc tura l  testing and evaluation of candidate ablator  mater ia l s  
a r e  continuing f o r  the al ternate  heat shield program. 
0.25-inch matr ix  exhibited cracking and ma t r ix  separat ion at - 190 F. 

Thermolag T-500 in a 

The incorporation of a 30-degree pitch angle to the boilerplate 
command module has  considerably reduced g levels during impact  testing. 
Three  land impact t e s t s  onto a 6-degree up-slope were  accomplished using 

- 1 0  - 
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a modified crushable landing edge. Although the increased  pitch angle 
e 

reduced impact g levels ,  the tes t s  indicatethat  fur ther  s t ruc tura l  modification 
may be required to duplicate more  closely spacecraf t  response.  

The test setup of the service module radial  sheer web test was com- 
pleted and s t ruc tura l  testing will be initiated during the next repor t  period. 
Two of the six separation t e s t s  that must be accomplished satisfactorily 
before flight of boilerplate 6 (forward compartment eover and launch escape 
tower separation t e s t s )  will be started during the next repor t  period. 

The launch escape motor static fir ing t e s t  to provide preflight 
s t ruc tura l  qualification for  the tower s t ruc ture  was performed 12 April 1963. 

Tes t s  to determine the strength, load deflections, and fai lure  mode 
charac te r i s t ics  of the launch escape tower fittings were  completed 
successfully. 
and then with 150 percent of the ultimate load. 

The specimen was f i rs t  tes ted with the ultimate design load 
No fai lure  resulted. 

A study to determine the feasibility of attaining a favorable center.of 
gravity without a movable c rew couch is in p rogres s  a s  the resul t  of a design 
review by NASA and astronaut  personnel on 3 April.  At that meeting, NASA 
indicated preference for  a fixed couch concept wherein the couches would be 
designed to remain in one position in  both the X-X and Z - Z  planes to e l imi-  
nate the l a rge  number of manual mechanical adjustments performed by the 
astronauts  during the c r i t i ca l  mission phases  p r io r  to  and immediately a f te r  
entry.  
concept offers weight savings of several  pounds p e r  couch due to the deletion 
of adjusting mechanisms. This concept, however, represents  a departure  
f rom the present  design that would markedly affect the schedule. 

0 

In addition to decreasing astronaut t a sks ,  the NASA fixed couch 

Concurrently,  modification of the existing couch de sign continues 
because it was demonstrated that an  astronaut  in a n  inflated p r e s s u r e  suit 
cannot be shifted to the 66-degree angle required by the present  design. 
the potential 11-inch center-of-gravity shift,  5 inches a re  lost  when the 
closed angle is opened to 90 degrees ,  which appears  to be the maximum 
amount or” jack-knifing tolerable to an astronaut. 

Of 

NASA has  authorized development of a p rogram to design and manu- 
facture  eight nose caps and 60  ground t e s t  specimens of the two ablative 
ma te r i a l s  fo r  use  in  a supercircular  reent ry  t e s t  p rog ram to be conducted 
by Langley Research Center.  

- 11 - SID 62-300-12 4M!waww 
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Telecommunications and Instrumentation 

An analysis has  shown that simultaneous t ransmission of biomedical/ 
suit parameter  analog data and pulse code modulation (PCM) telemetry i s  
feasible over the VHF/FM link in near -ear th  phases.  The unified S-band 
link will be used for deep space t ransmission of this information. 

Because of the failure previously experienced, the traveling wave tubes 
for  the S-band power amplifier a r e  being given a 200-hour burn-in by the 
manufacturer to verify reliability before delivery to Collins. 
received by Collins operated satisfactorily. 

Two tubes 

The feasibility study of an  al ternate  to the VHF/2kmc omni discone 
antenna was completed. 
and 2kmc scimitar-type antennas to be located in the s t rakes .  
antennas a r e  to survive entry; the 2kmc antennas need not survive. 
effort  i s  aimed towards the establishment and implementation of a schedule 
so that the antenna change may be incorporated in spacecraf t  009. 

The present  antenna will be replaced with VHF 
The VHF 

Current  

The instrumentation sys tem fo r  b.oilerplate 6 ,  including the operational 
tape r eco rde r ,  has  been installed and checked out. 

Boilerplate 12 installation design i s  complete except for  the recently 
imposed design requirement for th ree  cameras .  
installed in the dome of the e g r e s s  hatch and another in the center of the 
serv ice  module. 
escape tower and command module. 
the launch escape tower ring to view the launch escape motor  plume. 
board checkout is  scheduled for  completion one week af te r  delivery of the 
final five of the required 192 instrument components provided by NASA for 
this boilerplate. 

One camera  is to be 

These c a m e r a s  will view the separation of the launch 
The third camera  i s  to be mounted in 

Bread-  

Data  were obtained on all but five of the 131 channels measured  during 
the Lockheed Propulsion Company t e s t  conducted on 12  April.  Of the five 
channels that failed, one failed p r io r  to  the t e s t  and four failed during the 
tes t .  

Environmental Cont r ol System 

Tes t  results indicate that aluminum alloy 6061 cannot be used a s  
tubing fo r  the water management system because of i t s  cor ros ive  charac te r -  
is t ics .  Specimens of the alloy were  filled with distilled water that  had 
var ious alkaline-acidity ratio (pH) levels and a specific res i s tance  of 
200 kilohms. 
and the pH increase and the specific res i s tance  decrease  were  recorded 

The specimens were  sealed f rom atmospheric  contamination, 

- 1 2  - 
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daily f o r  21 days. The grea tes t  changes occurred  during the first seven 
days,  with a pH increase of 6.9 to 9.2 and a specific res is tance decrease  of 
200 to 48 kilohms. 
the tes t  contained hydrate aluminum oxide. 
that aluminum alloy 6061 cor rodes  excessively. 
an  investigation i s  being conducted to determine the feasibility of using 
anodized aluminum o r  s ta inless  steel tubing for the water  management 
sy s tem. 

Water removed from the specimens a t  the completion of 
These t e s t  finding demonstrated 

Because of these findings, 

Overboard dumping of water and ur ine will be done through a common 
line in place of separate  l ines a s  was previously planned. 
routing the common line through the vapor-vent duct in the command module 
cabin, it will be routed through the outlet end of the vapor-vent duct. 
the potential problem of fluid freezing is shifted so that i t  can be handled 
in a m o r e  accessible  a rea .  

Also, instead of 

Thus 

By rerouting, the length of the ur ine l ine and the weight of the waste 
management system a r e  reduced, and the p re s su re  drop along the line is 
dec r ea  s ed. 

E lec t r ica l  Power Svstems 

Contract negotiations with Pra t t  & Whitney have been initiated on the 
fuel cel l  power plants. 
procurement  specification have been deferred pending negotiation completion. 

Some minor  technical aspec ts  of the fuel cell  

The f i r s t  preprototype model of the Apollo bat tery has been fabricated 
and is present ly  undergoing general  performance requirements tes t s .  
pyrotechnic battery specification has  been sent to various suppliers for 
review. Proposals  a r e  expected during the next report  period. Per- 
formance testing of the bat tery charger breadboard has  been completed. 
Results of the t e s t  show the bat tery charger  breadboard to be acceptable. 

A 

The breadboard s ta t ic  inverter  was delivered to S&ID. The inverter  
booster  t r ans fo rmer  was redesigned to eliminate switching voltage t ransients  
caused by leadcage inductance, 

A new load analysis for  the reentry post-landing battery shows that the 
present  bat tery capacity is adequate. 
the fuel ce l l  during reentry.  

This bat tery will be used in place of 

Two ba t te r ies  will be added to the command module, so that there  will 
be a sepa ra t e  source of e lectr ical  energy to initiate the pyrotechnic devices 
aboard the Apollo spacecraft .  e 
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t 

Electronic Interfaces 

Results f rom an  investigation of comparative weight, volume , power 
consumption, and reliability of lamps for  event indicators on the main display 
panel indicate a 28-volt l amp sys tem to be superior .  The reliability portion 
of the study i s  not completed, but favorable prel iminary resu l t s  were  
obtained f rom vibration t e s t s  that considered maximum vibration levels  and 
maximum acceleration levels  for  all miss ion  phases.  
and life t e s t s  a r e  being conducted to increase  the confidence level of the 
reliability t e s t  resul ts .  

Additional vibration 

Coordination with Collins Radio Company personnel resulted in the 
completion of specification control drawings that define the type and location 
of coaxial connectors fo r  communications equipment. 

Lower equipment bay s t ruc ture  and packaging requirements  have been 
defined. The tolerance accumulation between the electronic packages , cold- 
plates ,  and s t ruc tures  was resolved by establishing appropriate  tolerance 
l imits  between these interfaces . 

The in-flight t e s t  sys tem specification was released.  

Service Propulsion Svstem 

The f i r s t  simulated SPS engine was delivered to S&ID during the report  
period. Preparat ions a r e  being made to install  the engine in  t e s t  f ixture F-3.  

NASA has confirmed the AEDC request  that  the dates  for  occupancy 
of the simulated altitude t e s t  cell  and f i r s t  SPS engine fir ings be changed 
f rom 1 May to  10 May and f rom 15 May to 10 June, respectively. 
no extension of the 12 October completion date is indicated. 

Present ly ,  

During this report  period, 72 injector fir ings were  accomplished. 
Fifteen subscale character is t ic  exhaust velocity (C+) determinations were  
made  on injectors A-12 and A-13, using both s tee l  and ablative thrus t  
chambers  to establish the variation of C::: associated with use  of a n  ablative 
thrust  chamber. The remaining 54 injector fir ings a r e  outlined in Table 1. 

Design effort has  been initiated to move the serv ice  propulsion 
engine 10.8 inches aft  f r o m i t s  present position. 
heating of the engine nozzle extension caused by the radiation res t r ic t ion  
introduced by the service module aft bulkhead. 

This is to alleviate excessive 

SPS propellant tank door interface problems have been resolved by 
adding a shea r  r i n g  and provisions for a l a r g e r  O-ring to the door. Existing 
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tank door forgings will be salvaged by a reforging operation that will reshape 
a 

the forgings to new design requirements and improve the grain s t ructure .  

Planning and implementation of the manned-mated propulsion t e s t s  of 
spacecraf t  001 at WSMR will proceed with the following modifications: 

1. The proposed ECS will be simplified. 

2. The vapor detection system will be extended to include hydrogen 
and oxygen and, i f  feasible, i t  will be made par t  of the facility 
vapor detection system, 

3 .  Radio frequency communication will be manual instead of automatic, 
and provision will be made for a side tone. 

4. Bioinstrumentation will be provided according to a l i s t  of suggested 
measurements  to be supplied by MSC. 

The t e s t  stand configuration for those spacecraft  001 propulsion t e s t s  
that incorporate  a mating of the command and service modules (with crewmen 
in the command module) has  been determined. 

Propellant system fuel and oxidizer l ines for t e s t  fixture F-3 a r e  being 
modified for  compatibility with the simulated SPS rocket engine. 

Reaction Control Systems 

As a resul t  of joint meetings between S&ID, Rocketdyne, and NASA, 
the configuration of the command module RCS engine has  been modified. 
The final prototype engine design now incorporates  the Gemini encapsulated 
throat i n se r t ,  a one-piece macerated outer  thrust  chamber l iner ,  and a 
tapered inner combustion chamber l iner.  Because the Gemini engine throat 
d iameter  has  been increased,  Apollo engines employing the Gemini encapsu- 
lated throat  will now incorporate a nozzle expansion ratio of 9 : l  instead of 
the 1O:l ra t io  originally selected. 
the i 0 : l  ratio was judged undesirable because of associated s t ruc tura l  
changes to the command module. 

Increasing the nozzle exit a r e a  to retain 

Tes t s  on three Phase I (boilerplate) engines were  conducted by 
Each of the engines was operated in a pulse mode after Rocketdyne. 

acceptance and calibration tes t s .  
bustion chamber  and nozzle of the second engine flaked away. 
was operated at a 20-millisecond pulse width. 

Some of the ablative mater ia l  in  the com- 
This engine 

Pre l iminary  performance 
data values appear  to be higher than predicted. a 
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Progres s  of the prototype service module RCS engine t e s t  p rogram 
at Marquardt h a s  been delayed because of operational difficulties encountered 
in altitude tes t  cell  6. 
Marquardt has not yet eliminated thrus t  measurement  inconsistencies.  Four 
prototype engines using three-coil  solenoid valves a r e  now available for  tes t .  
The f i r s t  prototype engine with two-coil solenoid valves will be available for  
tes t  during the next report  period. 

Although most  of the problems have been resolved, 

Development t e s t s  have been conducted to improve serv ice  module 
RCS engine performance and to reduce injector head soak-back tempera tures .  
Little performance improvement has  been realized with injector configurations 
tested thus fa r ,  but some progress  has  been made  in reducing soak-back 
tempera ture  by decreasing the diameter  of the thrus t  chamber a t  the 
forward end. 

To simplify manufacturing and to reduce cos ts ,  a n  identical configu- 
ration for the tank-ends of the command and the serv ice  module RCS 
propellant systems is being sought. 
and porting features that would accept installation of such a configuration 
a r e  being studied. 

As a corol lary to this study, mounting 

Electr ical  impulse counters were  installed in both the serv ice  module 
and the command module RCS breadboard control panels to record  rocket 
engine injector valve actuations. A p rec i se  record  of actuations is required 
for (1) back-up information for  rocket engine malfunctions and (2)  reliability 
demonstration purposes .  

Launch Escape System 

A review of the launch escape motor nozzle configuration was instigated 
a f te r  the failure of a nozzle inser t  in the tower jett ison motor .  
the s teel  retaining l ip  bearing a r e a  that supports the graphite i n se r t  was 
increased slightly. 
motors .  

A s  a resul t ,  

This modification will be initiated on the qualification 
No  schedule slippage i s  expected as a resul t  of this modification. 

Two static firings on tower jett ison motors  AD-6 and AD-8 have been 

was successfully accomplished at a tempera ture  of 140 F with motor  AD-8. 
Motor AD-6 was static tes ted a f te r  successfully undergoing tempera ture  
cycling and a package drop tes t ;  the tempera ture  cycling, however,  was only 
partially successful because of a nozzle i n s e r t  failure.  
failure analysis,  a new nozzle was designed that incorporates  an  additional 
inser t  bearing a r e a  and a Styrofoam c losure  disc.  
motors  for  boilerplate 6 have been modified to incorporate  the new nozzle 
design and have been shipped to WSMR. 

r,ade. The first tc------+-- iiiyL.raLure gradient f ir ing in the development program 

As  a resul t  of 

Both tower jett ison 
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Pitch control motors  PC-11 and PC-12 were  successfully s ta t ic  
tested. 
exploding bridge wire  (EBW ) initiators failed to function. 
attempt with two new EBW init iators at a temperature  level of 140 F 
resul ted in no rma l  operation. 
70 F. 

An initial f i r ing attempt with PC-12 was unsuccessful when the 
A subsequent 

PC-11 was f i red at a tempera ture  level of 

PC-11 and PC-12 were designed for  nominal total impulse levels  of 
1550 and 3000 pounds per  second, respectively. Two subsequent motors ,  
PC-16 and PC-19, have been cas t  with a total  impulse level of 1700 pounds 
per second. 

INTEGRATION 

Ground Support Equipment 

The ground cooling cart is being procured. Procurement  of the 
following GSE models will be initiated within 30 days: ver t ical  t ranspor te r ,  
rail t r ans fe r  unit, helium booster unit, and cryogenic t ransfer  units. 

To minimize servicing equipment, the SPS decontamination unit will 
se rv ice  the ent i re  SPS ra ther  than just the serv ice  module propulsion engine. 

The GSE telemetry channel assignment program for  the IBM 1620 com- 
puter has  been completed and is fully operational. 

The checkout method for  spacecraft  008 during environmental testing 
a t  Houston has  been determined and documented. 
as follows: 

The proposed method i s  

1. The environmental chamber instrumentation sys tem will be used 
for  measurements  external to  the spacecraft .  

2. Prelaunch automatic checkout equipment for  spacecraft  sys tems 
will be used to checkout the spacecraf t  systems.  The prelaunch 
automatic checkout equipment will be s imi la r  to spacecraf t  009 
checkout equipment. 

Reliability 

S&ID and Grumman Aircraf t  initiated a program by which data 
concerning common usage par t s ,  p refer red  pa r t s  l i s t s ,  failure r a t e s ,  
qualification t e s t  procedures and data requirements ,  records ,  and retr ieval  
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procedures  a r e  being exchanged. Fu r the rmore ,  Grumman will be placed on 
the distribution list for applicable S&ID reliability The types of 
data needed from Grumman to maintain the over-al l  spacecraf t  reliability 
requirements  were a l so  discussed. 

repor t s .  

S&ID, Grumman,  and MIT reviewed reliability analysis  techniques, 
navigation and guidance system integration, command module/lunar excursion 
module electronic subsystem interfaces ,  and spacecraf t  electromechanical 
and power subsystems. 
included fai lure  r a t e s ,  weights and volumes, and the logic a t  the equipment 
level for the navigation and guidance sys tem by mission phase. 
and guidance system interfaces between spacecraf t  and lunar  excursion 
module a s  presented by MIT included: 

MIT presented a list of spa res  candidates and 

Navigation 

1. Interchangeability of the iner t ia l  measurement  unit between 
the command module and the lunar excursion module 

2. Interchangeability of par t s  of the Apollo guidance computer 
(except the memory)  and the coupling display unit 

3 .  Radar equipment specifications that MIT and Grumman a r e  
coo rdinat ing and preparing 

Reliability evaluation resulted in a recommendation for  the acceptance 
of a design change to the heater  of the cryogenic s torage system (CSS), This 
change involves resizing the hea ter ,  so that it will be capable of heating both 
CSS oxygen tanks instead of one a s  current ly  planned. With both tanks being 
used to repressur ize  the command module, e lectr ical  power requirements  
would be cut in half. With lower power requirements ,  the reliability of the 
heater  sys tem would be enlarged (i .e. ,  the duration of the applications of 
heat would be extended, resulting in fewer switching operations).  

A reliabil i ty/crew safety design review of the CSS revealed a problem 
a r e a  in inspection techniques available for  assur ing  satisfactory tank welds. 
P resen t  dye penetrant methods were  considered inadequate because the dye 
was incompatible with liquid oxygen. Equipment location in the tank makes 
the use of X - r a y  techniques difficult but relocation of internal equipment 
would reduce this problem. The present  requirements  of the applicable 
process  specification a r e  being reviewed and will be revised to a s s u r e  a 
thorough inspection of all welds. 

- 20 - 
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GUIDANCE AND CONTROL 

Eleven navigation and guidance interface control documents (ICD) 
have been submitted to MIT for  approval. 
signal interfaces with the SCS, the mechanical installation of the navigation 
and guidance system, and the synchronizing signal f r o m  the central  timing 
equipment. 

These ICD’s cover the ‘control 

A prel iminary navigation and guidance equipment fa i lure  analysis for  
the AV mode has  been completed. This analysis identifies possible fa i lures  
of such elements as the coupling and display units, portions of the computer,  
and the iner t ia l  measurement  unit. The cor rec t ive  action to  be  taken by the 
astronaut  is identified, to evaluate the possibility of continuing the flight 
with the remaining navigation and guidance equipment o r  of indicating the 
requirement  for  a back-up mode. 
visions for  c r i t i ca l  electronic packages i n  the power and se rvo  assembly 
and computer will provide the possibility of regaining p r imary  navigation 
and guidance operation through in-flight maintenance. 
within the optics (such as s e r v o  motor fa i lure)  cannot be repaired in flight 
because of inaccessibility t o  optical components outside the p r e s s u r e  hull. 
Fu r the r  effort  will evaluate the use  of the inertial measurement  unit with 
the fa i lure  of cer ta in  components (such as a single acce lerometer )  without 
total  subsystem failure,  and to  identify the requirements  for  back-up 
equipment and back-up procedures.  

The study indicates that spa res  pro-  

Certain fai lures  

The design base  for  the SCS has been established with Minneapolis- 
Honeywell and procurement is proceeding compatible with need dates fo r  
del ivered hardware.  Some unresolved design decision a r e a s  a r e  as follows: 

1. Flight director  attitude indicator bal l  markings a r e  presently 
under study by Minneapolis-Honeywell, S&ID, and NASA. Changes 
to the present  markings,  to rotate  the poles of the bal l  90 degrees ,  
may result. 

2. J e t  select  logic schemes a r e  being exercised for  bes t  tradeoffs 
between functioll and mechanization. W i r e s ,  switches, and 
sys tem complexity will be compared with the most  des i red  
functions and fail safety features.  
will be selected by the end of the next repor t  period. 

The optimum compromise 
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OPERAT IONS 

DOWNEY 

The command module inter ior  s t ruc tura l  work on boilerplate 6 was 
completed; the wiring harness  was installed and checked out by the 
DITMCO console. 

The Downey junction box i s  ready f o r  use,  and the junction box f o r  
WSMR is ready f o r  shipment. 
been checked out. 

The launch escape tower wiring harness  has  

The r e sea rch  and development instrumentation breadboard for  
boilerplate 12 was received from NASA. The checkout is  on schedule i n  
accordance with the redirected one-week schedule s l i p  caused by ins t ru-  
mentation calibration difficulties. 

WHITE SANDS MISSILE RANGE 

Direct shipment of the mission abort  s i te  motor  room equipment to 
WSMR was s ta r ted  in April. 
accomplished. The U. S. Army laboratories a t  WSMR have made available 
a full capability fo r  tes t  and calibration, with a one-week turn-around on 
the m o r e  cr i t ical  i tems. 

Receiving and inspection a r e  being 

ATLANTIC MISSILE RANGE 

Apollo Test  and Operations personnel a t  AMR have completed 
documentation of the prel iminary AMR Apollo tes t  and operations plan. 
document, which per ta ins  to the spacecraft  checkout operations to be 
conducted at AMR, will be published during the next report  period. 

This 

The  serv ice  propulsion system (SPS) static firing facility concept was 
completed during the report  period. 
for  conducting the SPS stat ic  firing. 
command module and f rom the command module simulator located in the 
blockhouse. 

The s ta t ic  firing a r e a  will be used only 
These t e s t s  will be controlled from the 

- < . I  
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F. 

LOGISTICS SUPPORT 

T raining 

Training mater ia l  on the Apollo subsystems is being updated to  include 
engineering changes, which consist p r imar i ly  of those affecting the 
spacecraf t  panel displays. 

The initial Apollo sys tems course mater ia l  was submitted to  NASA. 

The preparation of Part I11 of the closed circui t  television program,  
"This is Apollo," is completed and will be put on video tape during the next 
report  period. 

A briefing f o r  NASA has  been prepared for both the Apollo mission 
simulator and par t - task  t ra iner  instructor  manuals. To establish format  
and content requirements,  a draf t  copy of the Apollo par t - task  t ra iner  
instructor  manual will be completed during the next repor t  period. 

Supply Support 

The recommended spa re  pa r t s  list for  the Chrys le r  Apollo R & D 
instrumentation checkout console received NASA approval. The 1644 line 
i tems  contained in the list a r e  undergoing expedited procurement  in o rde r  
to  support boilerplates 6 and 12 tes t  events. 

Procurement  of s p a r e  pa r t s  for  the Apollo par t - task  t r a ine r  has  been 
initiated. 

The priced spare  pa r t s  list covering the p a r t s  re leased for  
spacecraf t ,  GSE, and bulk i tem shop re leases  was submitted to  NASA. The 
pr iced list covering GSE re leased  p r i o r  t o  1 March  1963 was a l so  sent to  
NASA during this report  period, 

Log is t ic s Enginee ring 

The GSE p?ar,ning and rzquirements document =-as updated during the 
report  period. 
revision, it was published as a re i ssue  and dated 1 Apri l  1963. 

Since m o r e  than 60 percent of the document required 

Manuals 

The boilerplate 6 manuals will all be delivered to NASA by 1 May, 
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FACILITIES 

SUBCONTRACTOR COORDINATION 

All subcontractors '  facility requirements that will cause funding 
appropriations through 15 August 1963 will be defined and submitted to 
NASA during the next repor t  period. 

PLANT LAY OUT, AREA PLANNING, AND ADMINISTRATION 

The Apollo mock-up display a rea  i s  being moved and will be relocated 
to the preflight a r e a  during the next r epor t  period, 

TEST SYSTEMS AND MANUFACTURING SUPPORT 

The boilerplate t e s t  preparation and checkout in te r im a r e a  has  been 
rear ranged ,  and additional a r e a  has been assigned to Apollo Tes t  and 
Operations. A new a r e a  to support subsequent boilerplate operations is 
being prepared.  

The t r ans fe r  of cer ta in  bonding operations to the new bonding building 
will take place during the next report  period. 

DOWNEY 

The construction contract  for the sys tems integration and checkout 
facility was awarded to the F. E. Young Construction Company, San Diego, 
California. 

S&ID - NASA acceptance inspection of the bond and t e s t  facility was 
made on 12 April  and occupancy of this building began on 15 April  1963. 

Award of the construction contract for  the environmental control 
sys t em (ECS) portion of the space systems development facility is scheduled 
to take place during the next report  period. 

O F F  -SITE 

Faci l i ty  requirements  for the Mer r i t t  Island warehouse a r e  being 
prepared  for t ransmi t ta l  to  NASA. a 
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APPENDIX A 

S&ID SCHEDULE O F  APOLLO MEETINGS AND TRIPS 
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